Introduction
============

Humans, as social animals, need to develop the concept for the relationship between self and other people. One of the most popular relevant concepts is independent *vs* interdependent self-construal, which has been extensively studied across many fields since it was introduced by [@nsy008-B51]. Individuals with an independent self-construal, which is more prevalent in Western cultures ([@nsy008-B51], [@nsy008-B52]), perceive that the self is separate from other people and the embedded contexts, making them likely to seek for uniqueness and personal choice ([@nsy008-B40]). In contrast, individuals with an interdependent self-construal, which is more prevalent in East Asian cultures ([@nsy008-B51], [@nsy008-B52]), perceive that the self is connected with significant others in the given context, making them likely to maintain social harmony and fulfill social obligation ([@nsy008-B55]). These fundamental differences due to the self-construal affect people's behaviors not only in the social domains (e.g. prosocial behavior) but also in the non-social domains (e.g. self-regulation; for a review, see [@nsy008-B16]; [@nsy008-B35]; [@nsy008-B74]).

With the advances of non-invasive *in vivo* neuroimaging technology, researchers started to examine the brain mechanisms associated with the independent *vs* interdependent self-construal via different approaches (for a review, see [@nsy008-B43]). Task-based functional magnetic resonance imaging (fMRI) studies converged to support notable associations between the independent *vs* interdependent self-construal and the brain activities across multi-domains (for a review, see [@nsy008-B43]; [@nsy008-B30]). In the cognitive domain, previous studies found notable associations between the independent *vs* interdependent self-construal and medial prefrontal cortex (MPFC) activation for self-judgment tasks ([@nsy008-B95]; [@nsy008-B12]). Besides MPFC, which is a key region of default mode network (DMN), some regions in the executive control network (ECN) were found to be relevant to the self-related cognitive processing tasks ([@nsy008-B84], for review, see [@nsy008-B57]), including the inferior parietal lobule and inferior frontal gyrus (IFG). Recently, a meta-analysis, including 35 task-based fMRI cultural neuroscience studies, revealed greater activation in the dorsal MPFC, lateral prefrontal cortex (LPFC), temporoparietal junction (TPJ) and dorsal LPFC among East Asians, who represent interdependent groups, but greater activation in the anterior cingulate cortex (ACC), ventral MPFC, bilateral insula and right temporal pole among Westerners, who represent independent groups, in the tasks that involve social cognitive/affective processes ([@nsy008-B31]).

Despite the observed notable associations between the independent *vs* interdependent self-construal and brain activities, most previous studies were task-based fMRI research. That means, these findings only demonstrate how the brain responses to a certain circumstance (i.e. demands of a certain task) differently among independent *vs* interdependent people. Contrasting to task-based fMRI, resting-state fMRI (R-fMRI), without relying on any specific task, can detect spontaneous or intrinsic brain activity ([@nsy008-B7]), which may reflect individuals' chronic characteristics. Although previous studies have demonstrated some overlapping brain regions between the patterns during the self-related tasks and in the resting condition ([@nsy008-B67]; [@nsy008-B59]; [@nsy008-B20]; [@nsy008-B34]; [@nsy008-B62]; [@nsy008-B66]), significant dissociations between them have also been revealed ([@nsy008-B89]). It may suggest that intrinsic brain activity reflects a relatively different and more general pattern of chronic self-related concepts. A previous R-fMRI study has found that the interdependent self-construal score was positively correlated with the strength of functional connectivity (FC) between the ventral MPFC and the dorsal MPFC, while the independent self-construal score was positively correlated with the strength of FC between the ventral MPFC and the posterior cingulate cortex (PCC; [@nsy008-B88]). These findings suggest that FC within the DMN (i.e. MPFC and PCC) may be associated with independent *vs* interdependent self-construal. However, it is still unclear whether the FC in other self-processing-related networks, such as the ECN, would also predict individuals' independent tendency. A previous study using a self-recognition task showed that, self *vs* other condition induced activity in the inferior parietal loblue and IFG in the ECN, while other *vs* self condition induced activity in the MPFC and precuneus (PCu) in the DMN ([@nsy008-B84]). These results suggest that the DMN and the ECN showed different functions in self-related cognitive processing. However, how their relationship correlates with self-related cognitive processing remains unclear. Due to the lack of clear results regarding the relationship between the DMN and the ECN, we explored this question without any specific expectation in the present study.

Recently, combination of R-fMRI and graph theory (i.e. functional network or connectomices) allows revealing more comprehensive information of brain FC and topological organization (for review, see [@nsy008-B10], [@nsy008-B11]). Individual differences in the functional network have been connected to individual differences in intelligence ([@nsy008-B85]) and personality traits ([@nsy008-B1]; [@nsy008-B45]; [@nsy008-B21]; [@nsy008-B28], [@nsy008-B29]).They act as a ′fingerprint′ for identifying individuals from a large group ([@nsy008-B25]). However, whether and how the whole-brain functional network (especially the FC among the DMN and the ECN) is associated with the independent *vs* interdependent self-construal remains unclear.

To address these questions, we collected R-fMRI data and independent *vs* interdependent self-construal scores in 54 young healthy participants. A voxel-based graph theory analysis was used to explore the substantial contributions of the network nodal connectivity capacity to individual differences in independent *vs* interdependent self-construal.

Materials and methods
=====================

Participants
------------

We recruited 54 participants from Sun Yat-sen University in China. Three participants were excluded (two were excluded for excessive motion in the MRI scan and one was excluded for missing behavioral data). Finally, 51 participants were included in the subsequent analyses. All participants were healthy adults (mean age = 22.22 ± 2.86 years old; 36 females). They had no history of neurological or psychiatric disorders, sensorimotor or cognitive impairment, or other anatomical injuries of brain. Before the experiment, all participants had given informed consent, and this study was approved by the Institutional Review Board in the Department of Psychology of Sun Yat-sen University.

MRI and behavioral data acquisition
-----------------------------------

All participants were scanned on a Siemens 3.0 Tesla MRI scanner (Siemens, Erlangen, Germany) at South China Normal University (Guangzhou, China).We used headphones and foam pads to avoid interference of scanner noise and reduce participants\' head motion in the scan. Before scanning, participants were required to close their eyes, stay awake without thinking anything and keep their heads fixed during the data acquisition. Resting-state functional images were collected using echo-planar imaging sequence: repetition time (TR) =2000 ms, echo time (TE) = 30 ms, flip angle (FA) = 90°, field of view (FOV) = 224 × 224 mm^2^, slices = 32, matrix = 64 × 64, slice thickness = 3.5 mm and voxel size = 3.5 × 3.5 × 3.5 mm³. The total number of collected functional volumes was 240 for each participant. All participants confirmed that they had stayed awake during the scan. Structural images of T1-weighted images covering the entire brain were obtained in a sagittal orientation by employing magnetization prepared by rapid gradient echo sequence: TR = 2300 ms, TE = 3.24 ms, FA = 9°, FOV = 256 × 256 mm^2^, inversion time = 900 ms, matrix = 256 × 256, slices = 176, slice thickness = 1 mm and voxel size = 1 × 1 × 1 mm³.

Behavioral data were collected before scanning. Participants completed a well-validated 24-item measurement of Independence/Interdependence scale ([@nsy008-B75]), with a 7-point Likert-scale ranging from 1 (*strongly disagree*) to 7 (*strongly agree*). The sample item for independence is, 'I enjoy being unique and different from others in many respects', and the sample item for interdependence is, 'It is important for me to maintain harmony within my group'. The reliability for the scale was satisfactory (interdependence: α = 0.71; independence: α = 0.44; correlation between interdependence and independence: r = 0.557, *P*\< 0.001). An average score of all items for independence and interdependence was calculated separately. Finally, following the method of previous studies ([@nsy008-B13]; [@nsy008-B50]; [@nsy008-B49]), we computed a score of independent (*vs* interdependent) self-construal, which was calculated by subtracting the interdependence score from the independence one. A higher score indicates that participants have a stronger tendency in independence than interdependence.

Image pre-processing
--------------------

The Statistical Parametric Mapping (SPM8, <http://www.fil.ion.ucl.ac.uk/spm>) and Data Processing Assistant for Resting-State fMRI ([@nsy008-B92]) were the main toolboxes used in preprocessing of the functional imaging data. We removed the first 10 volumes of functional images for stabilizing the signal that may be influenced by the factor of scanning machine or participants\' adaption in the beginning. Then, we performed slice timing on the remaining volumes to correct the time delay during MRI scan. To correct for the head motion, we also realigned the volumes to the first volume and then checked the head motion of each participant. Two participants in the original set of 54 participants were excluded under the criterion of 2 mm and 2°. Then individual T1-weighted images were co-registered to the motion-corrected functional images using a linear transformation ([@nsy008-B15]). Next, we segmented these structural images into gray matter (GM), white matter (WM) and the cerebrospinal fluid (CSF) maps using a unified segmentation algorithm ([@nsy008-B4]). The motion-corrected functional images were spatially normalized into the Montreal Neurological Institute (MNI) space using the normalization parameters estimated during unified segmentation and then re-sampled to 3-mm isotropic voxels. After the normalization, we smoothed the normalized functional images using Gaussian kernel (FHWM = 4 mm × 4 mm × 4 mm) and removed the linear trends. The signals whose frequency fell outside the range of 0.01∼0.08 Hz were filtered reserving the low-frequency information. At last, we regressed out the nuisance variables (Friston 24 head motion parameters, global signal, WM and CSF signals) from the original signal of each voxel. Due to the controversial role of global signal regression ([@nsy008-B58]; [@nsy008-B70]; [@nsy008-B93]), we further confirmed the results of subsequent analyses on the data without regressing out global signal and found consistent results ([Supplementary Figure S1](#sup1){ref-type="supplementary-material"}).

FC strength calculation
-----------------------

To find out the regions that are significantly correlated with the behavioral scores, we carried out nodal measurements that can directly and meaningfully reflect this correlation. Nodal FC strength (FCS) is a useful metric to show the FC property of a node ([@nsy008-B96]; [@nsy008-B18]). We performed the FCS analysis in the following steps.

First of all, we calculated the Pearson's correlations between the blood oxygenation level dependent (BOLD) signal series of each pair of voxels in the whole brain GM mask for each participant. GM mask was generated by thresholding (cutoff = 0.2) on the mean GM probability map of all participants and with non-zeros standard deviations of BOLD time series. After that, we performed the Fisher\'s Z-transformation on the Pearson's correlation coefficients to improve the normality of the correlations. The detailed equation for computing the FCS of each voxel *i* in the GM-functional combined mask is shown below ([@nsy008-B9]; [@nsy008-B96]; [@nsy008-B18]): $$\text{FCS}(i) = \frac{1}{N_{\text{voxels}} - 1}\sum_{j = 1,j \neq i}^{N_{\text{voxels}}}\left| z_{ij} \right|,\,\left| r_{ij} \right| > r_{0},$$ Where $N_{\text{voxels}}$ is the number of voxels in our defined cortical mask (here, $N_{\text{voxels}}$= 63 309); $z_{ij}$ is the Fisher\'s Z-transformed correlation coefficient between voxel *i* and *j*; $r_{ij}$ is the Pearson's correlation coefficient between voxel *i* and *j*, and $r_{0}$ is threshold of effective correlation coefficient (here, $r_{0}$= 0.2) to rule out low spurious correlations. Moreover, in order to investigate both positive and negative FC patterns, the $z_{ij}$ and $r_{ij}$ in the equation were set as their absolute values. The absolute values here could retain the positive and negative information for the subsequent analyses. The FCS calculated here was the sum of the weighted absolute connectivity strength, so the higher FCS value of a voxel means the more and stronger connectivities it had.

In order to assess the relationship between FCS and independent (*vs* interdependent) self-construal scores and determine the region of interest (ROI) independent of the present data, we further defined ROIs based on a previous research of self-related process \[MNI coordinates: MPFC: *x*/*y*/*z* = 2/60/−2; PCC: *x*/*y*/*z* = −6/−56/10 ([@nsy008-B20])\] and a study of self-awareness \[MNI coordinates: IFG: *x*/*y*/*z* = −54/30/9 ([@nsy008-B6])\]. The ROIs were defined as spheres with radii of 10 mm centered at the peak voxel of significant clusters. Then, a partial correlation between FCS of these ROIs and independent (*vs* interdependent) self-construal scores was performed with age and gender as covariates.

To further examine the relationship between FCS metrics and independent (*vs* interdependent) self-construal scores in the whole brain, a voxel-wise partial correlation analysis between the participants\' independent (*vs* interdependent) self-construal scores and FCS values was performed with age and gender as covariates. The statistical significance threshold was set at *P*\< 0.01 and cluster size \> 1863 mm^3^, corresponding to corrected *P*\< 0.05. Multiple comparisons were corrected using Monte Carlo simulations using the AFNI AlphaSim program (<http://afni.nimh.nih.gov/pub/dist/doc/manual/AlphaSim.pdf>).

Seed-based FC analysis
----------------------

In the FCS analysis we described earlier, we had determined three important regions (bilateral PCC/PCu and left IFG, see Results for more details) that were significantly correlated with participants' independent (*vs* interdependent) self-construal scores. To further determine exactly which connections of these regions were correlated with the independent (*vs* interdependent) self-construal scores, it is necessary to conduct a whole-brain seed-based FC analysis on the three significant regions found in the FCS analysis.

At first, we generated ROI masks for the three significant regions. This process was performed by extracting the significant clusters of the resultant Pearson's correlation map in the FCS analysis. Subsequently, we extracted the regional mean BOLD time series of ROI by averaging the BOLD time series of all the voxels within each ROI mask. Then we used the regional mean time series to calculate the Pearson's correlation coefficients with the BOLD time series of all other voxels within the GM mask. The whole-brain GM mask we used was the same GM mask that was generated and used in the FCS analysis. Finally, in order to improve normality, we performed Fisher's Z-transformation to convert the Pearson's correlation coefficients into z-scores and obtained z-score maps indicating FC pattern of ROIs. All the seed-based FC computations were conducted in R-fMRI Data Analysis Toolkit ([@nsy008-B77]). So far, for each participant, we obtained three seed-based FC maps corresponding to the three seed regions.

For the purpose of investigating the relationship between the strength of FC and the independent (*vs* interdependent) self-construal scores, we performed a partial correlation analysis. To begin with, we hoped to retain the connectivities that were significantly not equal to zero for subsequent analysis. So we conducted a two-tailed one-sample *t* test on the original FC maps. Moreover, the significant FC maps contained both positive FC and negative FC. Hence, in order to examine the positive FC pattern and the negative FC pattern separately, we further divided the significant seed-based FC maps into positive FC maps and negative FC maps by creating positive and negative masks. Then we performed a Pearson's correlation analysis between seed-based FC (positive or negative FC map) and the independent (*vs* interdependent) self-construal scores after controlling participants' age and gender, which was performed within the positive and negative masks respectively. The statistical significance threshold was set at *P*\< 0.01 and cluster size \> 1404 mm^3^ for positive FC map and 1566 mm^3^ for negative FC map, corresponding to corrected *P*\< 0.05. Multiple comparisons were corrected using Monte Carlo simulations. The same seed-based connectivity and correlation analyses were also performed for the three predefined ROIs based on previous studies as above (i.e. IFG, MPFC and PCC; [@nsy008-B6]; [@nsy008-B20]), which were independent with our data.

Result
======

Functional connectivity strength
--------------------------------

We first analyzed the whole-brain images based on the measure of FCS. We observed that the regions with high FCS were mainly distributed in PCC, PCu, lateral inferior parietal cortex and MPFC ([Figure 1A](#nsy008-F1){ref-type="fig"}). For visualization of FCS maps, we used the BrainNet Viewer (<http://www.nitrc.org/projects/bnv/>) ([@nsy008-B90]). This pattern was consistent with previous studies of healthy adults ([@nsy008-B9]; [@nsy008-B96]; [@nsy008-B18]).

![Maps of whole-brain FCS analysis. (A) Mean FCS map across participants. (B) Correlation map showed that FCS of bilateral PCC/PCu and left IFG were positively correlated with independent (*vs* interdependent) self-construal score. (C) Scatter plot of peaks in three significant clusters (left PCC/PCu, right PCC/PCu and left IFG) showing positive correlation with independent (*vs* interdependent) self-construal score.](nsy008f1){#nsy008-F1}

We then conducted whole-brain correlation analyses to test the association between FCS and independent (*vs* interdependent) self-construal scores across all participants. We found three clusters that were positively correlated with the independent (*vs* interdependent) self-construal scores ([Figure 1B](#nsy008-F1){ref-type="fig"} and [Table 1](#nsy008-T1){ref-type="table"}). These significant regions were mainly distributed in the left PCC/PCu (peak r = 0.564, *P*\< 0.05, corrected), right PCC/PCu (peak r = 0.555, *P*\< 0.05, corrected) and left IFG (peak r = 0.606, *P*\< 0.05, corrected). Correlations between peak voxels FCS and independent (*vs* interdependent) self-construal scores are presented in [Figure 1C](#nsy008-F1){ref-type="fig"}. Notably, the bilateral PCC/PCu in our results is the critical areas of the DMN and the IFG is the key region of the ECN. All significant regions were positively correlated with the independent (*vs* interdependent) self-construal scores, illustrating that high FCS was found in these regions among highly independent people. Table 1.Regions showing significant correlation with independent (*vs* interdependent) scoresBrain regionsBAVolume (mm^3^)MNI coordinates (mm)*R*-score*xyz*Left PCC/PCu30/172592−9−60120.564Right PCC/PCu30/29224127−4860.555Left IFG45/462349−4839150.606[^2]

Moreover, we calculated the association between FCS of IFG, MPFC and PCC, which defined independently based on the results of previous studies ([@nsy008-B6]; [@nsy008-B20]), and independent (*vs* interdependent) self-construal scores. The FCS values in these ROIs were extracted from each individual. Partial correlation analyses revealed that the correlations between independent (*vs* interdependent) self-construal scores and FCS were significant in PCC (*r *= 0.317, *P* = 0.008), and IFG (*r* = 0.291, *P* = 0.042), and marginally significant in MPFC (r = 0.271, *P* = 0.060).

Seed-based FC analysis
----------------------

According to the whole-brain FCS results mentioned earlier, we found three regions (bilateral PCC/PCu and left IFG) that were positively correlated with the independent (*vs* interdependent) self-construal scores. In the next step, we defined these three clusters as seeds and calculated the voxel-wise seed-based FC, respectively. As mentioned before, we also divided the seed-based FC map into negative and positive connectivity map.

The correlation results of left PCC/PCu showed that the positive connectivity with bilateral MPFC was positively correlated with the independent (*vs* interdependent) self-construal scores (*P*\< 0.05, corrected, [Figure 2A and C](#nsy008-F2){ref-type="fig"} and [Table 2](#nsy008-T2){ref-type="table"}). In contrast, negative correlations with the independent (*vs* interdependent) self-construal scores were found in the negative connectivity from left PCC/PCu to right TPJ (*P*\< 0.05, corrected, [Figure 2B and C](#nsy008-F2){ref-type="fig"} and [Table 2](#nsy008-T2){ref-type="table"}). In the positive FC maps of right PCC/PCu, we found a positive correlations between connectivity to bilateral MPFC and the independent (*vs* interdependent) self-construal scores (*P*\< 0.05, corrected, [Figure 3A and C](#nsy008-F3){ref-type="fig"} and [Table 2](#nsy008-T2){ref-type="table"}). Besides, we found a negative correlation between connectivity to right TPJ and the independent (*vs* interdependent) self-construal scores in negative FC maps of right PCC/PCu (*P*\< 0.05, corrected, [Figure 3B and C](#nsy008-F3){ref-type="fig"} and [Table 2](#nsy008-T2){ref-type="table"}). As for FC maps of left IFG, positive correlations with the independent (*vs* interdependent) scores were observed in positive connectivity to bilateral middle frontal gyrus (MFG), right TPJ, and right superior frontal gyrus (SFG; *P*\< 0.05, corrected, [Figure 4A and C](#nsy008-F4){ref-type="fig"} and [Table 2](#nsy008-T2){ref-type="table"}). Moreover, in the negative FC maps of left IFG, negative correlations with the independent (*vs* interdependent) self-construal scores were found in the connectivity to bilateral MPFC, bilateral calcarine and left PCC/PCu (*P*\< 0.05, corrected, [Figure 4B and D](#nsy008-F4){ref-type="fig"} and [Table 2](#nsy008-T2){ref-type="table"}). Notably, the decrease in FC values of negative connectivity means the increase of their absolute value, which is the strength of the negative connectivity. Therefore, in the negative connectivity maps, a decrease in the strength of connectivity was associated with lower independent (*vs* interdependent) self-construal score. Combining with the positive connectivity results, we have obtained consistent results of all the seed-based FC maps, indicating that the enhancement of connectivity strength is significantly correlated with higher independent (*vs* interdependent) self-construal score. Consistent results were found in the analysis of three independently defined ROIs (i.e. IFG, MPFC and PCC). Table 2.Connectivities showing significant correlation with independent (*vs* interdependent) scoresBrain regionsBAVolume (mm^3^)MNI coordinates (mm)*R*-score*xyz*Seed: left PCC/PCu Left MPFC10/9/114725−369120.568 Right MPFC9/102430051420.583 Right TPJ/SMG40729045−4551−0.523Seed: right PCC/PCu Bilateral MPFC101944666180.574 Right MPFC92511648510.536 Right TPJ40459045−4551−0.519Seed: left IFG Right MFG45/4658054239240.702 Left MFG45/461512−4245120.530 Right TPJ/SMG40928848−51570.603 Right SFG/MFG8/62322249660.554 Bilateral MPFC10661596918−0.529 Bilateral Calcarine19/3720,08824−519−0.655 Left PCC/PCu23/301890−6−5721−0.482[^3]

![Correlation result of left PCC/PCu's FC pattern. (A) Correlation map of left PCC/PCu's positive connectivity pattern showed that FCs to bilateral MPFC were positively correlated with independent (*vs* interdependent) self-construal score. (B) Correlation map of left PCC/PCu's negative connectivity pattern showed that FC to right TPJ was negatively correlated with independent (*vs* interdependent) self-construal score. (C) Scatter plot of peaks in bilateral MPFC showing positive correlation with independent (*vs* interdependent) self-construal score and peak in right TPJ showing negative correlation with independent (*vs* interdependent) self-construal score.](nsy008f2){#nsy008-F2}

![Correlation result of right PCC/PCu's FC pattern. (A) Correlation map of right PCC/PCu's positive connectivity pattern showed that FCs to bilateral MPFC were positively correlated with independent (*vs* interdependent) self-construal score. (B) Correlation map of right PCC/PCu's negative connectivity pattern showed that FC to right TPJ was negatively correlated with independent (*vs* interdependent) self-construal score. (C) Scatter plot of peaks in bilateral MPFC showing positive correlation with independent (*vs* interdependent) self-construal score and peak in right TPJ showing negative correlation with independent (*vs* interdependent) self-construal score.](nsy008f3){#nsy008-F3}

![Correlation result of left IFG's FC pattern. (A) Correlation map of left IFG's positive connectivity pattern showed that FCs to bilateral MFG, right TPJ and right SFG were positively correlated with independent (*vs* interdependent) self-construal score. (B) Correlation map of left IFG's negative connectivity pattern showed that FCs to bilateral calcarine, left PCC/PCu and bilateral MPFC were negatively correlated with independent (*vs* interdependent) self-construal score. (C) Scatter plot of peaks in bilateral MFG, right TPJ and right SFG showing positive correlation between their positive FCs and independent (*vs* interdependent) self-construal score. (D) Scatter plot of peaks in bilateral calcarine, left PCC/PCu and bilateral MPFC showing negative correlation between their negative FCs and independent (*vs* interdependent) self-construal score.](nsy008f4){#nsy008-F4}

Regression analysis for the self-construal-related regions
----------------------------------------------------------

We found that the self-construal related regions mainly located in the DMN (including PCC/PCu and MPFC) and the ECN (including IFG, TPJ, MFG and SFG). Further, we explored the contribution of the connectivity within the networks and the connectivity between the networks in explaining individuals' independent (*vs* interdependent) self-construal scores. We averaged the value of the FC within the DMN (i.e. between PCC/PCu and MPFC), the ECN (i.e. between left IFG and bilateral MFG, right TPJ and SFG) and the FC between ECN and DMN (i.e. between right TPJ and bilateral PCC/PCu, and between left IFG and MPFC, calcarine, and PCC/PCu). We entered all these values into the regression as the predictors while entering participants' age and gender as covariates. This FC pattern explained 71.8% of the variation in the independent (*vs* interdependent) self-construal scores (change in R^2^ = 0.718, F(3, 45) =39.57, *P*\< 0.001). We also explored the unique contribution of each predictor. The unique variance explained by the averaged DMN value, the averaged ECN value, and the averaged connectivity value between DMN and ECN was 8.1% (*R*^2^ = 0.081, F(1, 45) = 13.39, *P* = 0.001), 8.8% (R^2^ = 0.088, F(1, 45) = 14.55, *P*\< 0.001), and 0.1% (R^2^ = 0.001, F(1, 45) = 0.168, *P* = 0.684), respectively. The significance level of FC pattern remained consistent after repeating the regression analysis for the three independently defined ROIs (i.e. IFG, MPFC and PCC).

Discussion
==========

In this study, we examined the neural mechanism of the independent *vs* interdependent self-construal and found that independent *vs* interdependent self-construal could be greatly decoded from the pattern of functional network connectivity recorded at the rest. Specifically, we found that the FCS in the bilateral PCC/PCu and left IFG was significantly positively correlated with individuals' independent *vs* interdependent self-construal scores. Further using seed-based FC analysis, we found that the positive FC within DMN (i.e. between PCC/PCu and MPFC), and that within ECN (i.e. between left IFG and bilateral MFG, right TPJ and SFG) were both positively correlated with the individuals' independent *vs* interdependent self-construal scores. The negative FC between DMN and ECN (i.e. between bilateral PCC/PCu and right TPJ and between left IFG and bilateral MPFC, calcarine and PCC/PCu) was negatively correlated with independent *vs* interdependent self-construal scores. Importantly, these related brain FC patterns jointly explained 71.8% of the variation in the independent *vs* interdependent self-construal scores.

Whole-brain FCS underlying individual differences in independent self-construal
-------------------------------------------------------------------------------

In the current study, we found that the FCS in the bilateral PCC/PCu and left IFG was significantly positively correlated with individuals' independent *vs* interdependent self-construal scores, which means the higher FCS values in these regions, the higher the independent *vs* interdependent self-construal score is. These findings were consistent with the previous work done by [@nsy008-B88].They found significantly stronger regional homogeneity, which reflects the degree of regional synchronization, in PCC/PCu among participants primed with an independent self than that among those primed with an interdependent self. Greater FCS in PCC, where is found to be important for self-reflection ([@nsy008-B37]) and episodic memory ([@nsy008-B32]), may promote greater readiness state for high-level inference-based metalizing processes about self ([@nsy008-B39]; [@nsy008-B63]; [@nsy008-B83]; [@nsy008-B95]; [@nsy008-B48]), which may eventually promote stronger independent self-construal that stresses on the self ([@nsy008-B81]; [@nsy008-B60]; [@nsy008-B88]).

In addition, we also found that the individuals with higher independent *vs* interdependent self-construal scores had greater FCS values in the left IFG. Prior work showed that the IFG played an important role in goal execution by controlling our selective attention (e.g. [@nsy008-B14]; [@nsy008-B64]; [@nsy008-B71]). The task-based fMRI studies found that the activities in the IFG were higher in high cognitive load conditions like introducing auditory or visual distracting cues ([@nsy008-B78]; [@nsy008-B87]). This implies that the IFG is responsible for attentional modulation that helps to filter task-irrelevant actions during ongoing tasks. The greater FCS values in the left IFG may indicate a greater readiness that allows individuals high in independent self-construal more able to focus on the task by distracting irrelevant cues. The notion was consistent with the findings in the behavioral tasks, in which Westerners from independent cultures were found to be more task-focused, focusing the task while ignoring the distracting irrelevant information, as compared with East Asians from interdependent cultures (e.g. [@nsy008-B54]; [@nsy008-B23]; [@nsy008-B72]).

DMN connections underlying individual differences in independent self-construal
-------------------------------------------------------------------------------

The findings showed that individuals with stronger independent *vs* interdependent self-construal had greater connectivities between PCC/PCu and MPFC, which are the key regions of DMN. Evidence in cultural neuroscience research converged to demonstrate the important role of MPFC in predicting individuals' self-construal. For instance, [@nsy008-B95] found that MPFC was important for self- *vs* other-judgment tasks. Specifically, Westerners from independent cultures had greater MPFC activation when they engaged in self-judgment tasks relative to mother-judgment tasks, which was also observed previously ([@nsy008-B39]; [@nsy008-B47]; [@nsy008-B33]); whereas this pattern was diminished among Chinese from interdependent cultures. In addition to the task-based fMRI evidence, similar findings showing that stronger FC in the DMN recorded at the rest were observed ([@nsy008-B88]). Taking together, evidence converges to indicate that independent self-construal is highly associated with greater FC in the DMN, which is believed to play an important role in self-generated thoughts like mind-wandering and future thinking ([@nsy008-B53]; [@nsy008-B73]) as well as creative idea production ([@nsy008-B2]; [@nsy008-B5]).

ECN connections underlying individual differences in independent self-construal
-------------------------------------------------------------------------------

In addition to the findings consistent with the previous work, the current research also discovered some new findings regarding the association between FC and individuals' self-construal scores. Specifically, we found greater FC in the ECN (i.e. between left IFG and bilateral MFG, right TPJ and SFG) among individuals with stronger independent *vs* interdependent self-construal. Having similar functions with MFG, the TPJ is known for its involvement in self-agency and self-awareness tasks ([@nsy008-B86]; [@nsy008-B22]), whereas the SFG is known for its involvement in facial self-awareness tasks ([@nsy008-B79]; [@nsy008-B84]; [@nsy008-B65]; [@nsy008-B80]). These findings suggest that the ECN may play an important role in self-related processes, which may promote stronger independent *vs* interdependent self-construal. Supporting this notion, a study using a task related to theory of mind compared children (at the age of 8--11 years) from interdependent and independent cultures (Japanese and Americans) found that the right TPJ with stronger hemodynamic responses was observed in American children ([@nsy008-B44]).

The anti-correlation between DMN and ECN underlying individual differences in independent self-construal
--------------------------------------------------------------------------------------------------------

We have also explored whether the relationship between DMN and ECN correlates with self-construal. Interestingly, we found that individuals with stronger independent *vs* interdependent self-construal had a stronger negative FC between DMN and ECN (i.e. between bilateral PCC/PCu and right TPJ and between left IFG and bilateral MPFC, Left MOG and PCC/PCu). Although previous research found the opposite activation patterns in inferior parietal lobule and IFG in the ECN, and MPFC and PCu in the DMN in self-recognition tasks ([@nsy008-B84]), there is still little work in the neuronal synchrony literature thoroughly discussing the role of anti-correlations between the large-scaled networks in the resting state. Some researchers proposed that positive correlations may indicate an integrative relationship, meaning that two networks work together to serve similar goals, whereas anti-correlations may indicate a differentiating relationship, meaning that two networks may serve competing goals ([@nsy008-B26]; [@nsy008-B8]; [@nsy008-B68]). The DMN, involving regions that activate in the absence of external task demands ([@nsy008-B27]; [@nsy008-B68]), is known to be associated with internally-directed cognitive processes ([@nsy008-B53]; [@nsy008-B73]) whereas the ECN is mainly engaged in the cognitive processes that involve externally-directed attention ([@nsy008-B17]; [@nsy008-B3]). The anti-correlations were also observed in the prior work ([@nsy008-B26]) and the strength of the anti-correlations was found to correlate with other individual characteristics (e.g. cognitive performance; [@nsy008-B61]). The weaker anti-correlation (or a rather positive correlation) between DMN and ECN among interdependent people may suggest that DMN and ECN network are more independent from each other among interdependent people. Although the role of anti-correlations between DMN and ECN in self-related processes was rarely studied, the current findings might suggest that interdependent people could more easily shift among different networks while independent people may be better at focusing on one specific task, which is required to be further examined for conclusive results.

FC architecture underlying individual differences in independent self-construal
-------------------------------------------------------------------------------

We found the evidence for the neural mechanism of the independent *vs* interdependent self-construal. As we can see from [Figure 5](#nsy008-F5){ref-type="fig"}, independent self-construal could be greatly predicted by the FC within (1) DMN, (2) ECN and (3) between DMN and ECN. These FC patterns explained 71.8% of the variation in the independent *vs* interdependent self-construal scores. Recently, cultural psychology research started to explore when people from independent *vs* interdependent cultures would acquire their cultural characteristics, i.e., when people would demonstrate their own culturally specific behaviors. The age emerging the cultural differences varied, ranging from 4-years-old to 11-years-old, across different behavioral tasks (e.g. [@nsy008-B36]; [@nsy008-B46]; [@nsy008-B35]; [@nsy008-B74]). Provided that the neural mechanism underpins the behavioral indicators ([@nsy008-B56]), and the high predictive power of neural mechanism suggested by the current study, using the neural indicators in the developmental cultural research may allow us to better detect when the sensitive period of acquiring cultural characteristics is. These findings would be important for understanding the interplay of culture, mind, and the brain ([@nsy008-B43]; [@nsy008-B30]). Moreover, the small unique variance explained by each FC predictor (i.e. DMN, ECN, and DMN and ECN) may imply that the interaction among multiple networks may matter more than any single network, which highlights the importance of investigating neural mechanism of multi-network interaction for understanding independent *vs* interdependent self-construal. Consistent to this argument, a meta-analysis study ([@nsy008-B31]) showed that cultural differences in social processes are indeed mediated by distinct brain networks. Thus, future research should pay attention to how multiple networks interact in addition to how each network solely works in order to depict the complexity of cultural mind.

![Prediction model of the independent (*vs* interdependent) self-construal.](nsy008f5){#nsy008-F5}

Further considerations
----------------------

Some issues of the current study should be considered. First, participants of our study were mainly young adults (mean age: 22.22 ± 2.86 years old). As we know, aging could change the organization of human brain network ([@nsy008-B19]; [@nsy008-B94]). Therefore, whether the patterns found in the current research could generalize to other age groups should be investigated in future studies. Second, to avoid the effects of head motion, we used regression method (Friston 24 head motion parameters) at the preprocessing step. Application of Friston-24 model could achieve the best reduction of motion effects among modeling-based approaches ([@nsy008-B91]). However, effects of head motion might not be completely eliminated. Next, to improve prediction performance, models that combine data of R-fMRI and other neuroimaging techniques (e.g. structural MRI and diffusion tensor imaging) are encouraged in future research. Moreover, the Cronbach's α of Independence/Interdependence scale ([@nsy008-B75]), a widely used scale for self-construal, was not highly satisfactory here, although a low value of Cronbach's alpha was observed in many of past studies (e.g. [@nsy008-B76]; [@nsy008-B69]; [@nsy008-B24]; [@nsy008-B82]; [@nsy008-B42]). A more reliable measurement of independence *vs* interdependence may be needed in future studies to confirm the current findings. Finally, our analyses, suitable methods for investigating task-independent neural substrates, were correlational, which did not allow us to draw any causal conclusions. Further self-priming or transcranial magnetic stimulation studies may be needed for causal evidence.
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